Abstract-With the use of Veterans Health Administration and Department of Defense databases of veterans who completed a Department of Veterans Affairs comprehensive traumatic brain injury (TBI) evaluation, the objectives of this study were to (1) identify the co-occurrence of self-reported auditory, visual, and vestibular impairment, referred to as multisensory impairment (MSI), and (2) examine demographic, deployment-related, and mental health characteristics that were potentially predictive of MSI. Our sample included 13,746 veterans with either a history of deployment-related mild TBI (mTBI) (n = 9,998) or no history of TBI (n = 3,748). The percentage of MSI across the sample was 13.9%, but was 17.4% in a subsample with mTBI history that experienced both nonblast and blast injuries. The factors that were significantly predictive of reporting MSI were older age, being female, lower rank, and etiology of injury. Deployment-related mTBI history, posttraumatic stress disorder, and depression were also significantly predictive of reporting MSI, with mTBI history the most robust after adjusting for these conditions. A better comprehension of impairments incurred by deployed servicemembers is needed to fully understand the spectrum of blast and nonblast dysfunction and may allow for more targeted interventions to be developed to address these issues.
INTRODUCTION
Since 2001, more than 2 million troops have deployed to the Global War on Terrorism (GWOT) in AfghanistanDespite improvements that reduce injury and risks of long-term effects from casualties [3] [4] [5] , up to 19 percent of returning servicemembers are thought to have experienced traumatic brain injury (TBI), the "signature injury" of GWOT [6] [7] [8] [9] .
A recent study of combat wounds treated at U.S. military medical facilities showed that the proportion of head and neck injuries was higher for OIF/OEF than for prior wars and more than 75 percent of wounds were due to blasts [10] . Almost 50 percent of head and neck injuries were attributable to improvised explosive devices and more than half of combat injuries requiring medical evacuation were due to blasts [11] .
Following mild TBI (mTBI), also called concussion, troops may report physical, sensory, cognitive, and behavioral/emotional changes (e.g., headaches, sleep disturbance, impaired vision, memory problems, and irritability) [12] [13] . Symptoms typically resolve within days or weeks and significant improvement is often seen in 3 months [14] [15] . The most visible injuries (e.g., penetrating wounds) understandably receive the most attention in theater, but other symptoms may emerge or be reported later [16] , after even a mild injury [17] [18] . Scott et al. identified 12 blast-related conditions typically overlooked in patients with polytrauma, including sensory impairments such as hearing loss, tinnitus, vision changes, and vestibular problems [16] . Interviewing patients who have sustained a concussion about current symptoms, which are often underreported, and performing high-yield screening evaluations (e.g., hearing test, officebased balance testing) are recommended [16, [19] [20] .
Dual sensory impairment (DSI) has been documented in OIF/OEF veterans with blast-related TBI who were inpatients at a Department of Veterans Affairs (VA) Polytrauma Rehabilitation Center [7] . Audiologic and visual evaluations indicated that 19 percent had auditory impairment, 34 percent visual impairment, and 32 percent DSI. The largest study to date examining DSI in OIF/OEF veterans documented rates of self-reported impairment in more than 21,000 veterans evaluated for TBI in VA outpatient clinics [8] . In this sample, 9.9 percent reported visual impairment, 31.3 percent auditory impairment, and 34.6 percent DSI. Veterans exposed to blast and evaluated as having a history of TBI made up nearly half the sample and reported the highest rates of DSI (35.4%). These results suggest a moderate rate of self-reported sensory disturbance among these OIF/OEF veterans.
The auditory system is particularly vulnerable to blasts [21] [22] . Primary blast waves involve a high-pressure shock wave followed by a blast wind [2] . Over-or underpressurization of the auditory canal have been major sources of injury that manifest as hearing loss, tinnitus, or vertigo, among other impairments [2, [17] [18] 21, 23] . In one study, damage to the ears was the most common single injury type, accounting for approximately 1 in 4 injuries [24] . Hearing impairment associated with combat injury can result in peripheral or central dysfunction [25] [26] [27] [28] [29] .
Damage to the eyes and visual system has been documented at rates higher than those reported from previous wars [30] [31] [32] . Damage can range anywhere from the end organ to the visual cortex, resulting in vision loss or more subtle symptoms of eye fatigue, binocular vision dysfunction, decreased visual acuity, spatial deficits, or decreased levels of reading speed [33] [34] . Battle-related eye injuries accounted for 15.8 percent of the in-theater medical evacuations in one study of OIF/OEF soldiers [32] . In another, more than 80 percent of ocular injuries were due to blast fragmentation [31] .
Wounded servicemembers also have vestibular problems. Troops with deployment-related mTBI report dizziness (59.3%) and balance problems (25.9%) after injuries, but these decline postdeployment (to 5.1% and 6.4%, respectively) [23] . Vestibular effects of blasts, however, get worse [35] . Scherer and Schubert documented that troops with blast-induced TBI complained of motion sensitivity, vertigo, gaze instability, migraine-associated dizziness, spatial disorientation, postural instability, and vestibular dysfunction [19] . Recognizing that etiology of TBI may have different effects on pathology, Hoffer et al. performed vestibular testing on patients with blast-related or blunt head trauma [36] . They found that patients differed in responses to vestibular-ocular and vestibular-spinal testing and recommended that mechanism of injury be considered when managing vestibular symptoms.
Normal hearing, vision, and balance and coordination are important for performing activities of daily living, psychosocial functioning, leisure activities, and employment [7, [37] [38] [39] [40] [41] [42] and are necessary for communication and rehabilitation. A growing literature suggests auditory, visual, and vestibular symptoms are common among OIF/OEF veterans who have experienced TBI, but no studies to date have examined the coexistence of these symptoms in a large cohort. Using national data from the Veterans Health Administration (VHA) and Department of Defense (DOD), our exploratory aims were to (1) identify the co-occurrence of auditory, visual, and vestibular impairment, referred to here as multisensory impairment (MSI), in OIF/OEF veterans who completed a VA comprehensive TBI evaluation (CTBIE) and (2) examine demographic, deployment-related, and mental health characteristics that were potentially predictive of MSI.
METHODS

Design
A retrospective database study of veterans completing a VA CTBIE between October 2007 and June 2009 was performed. Military service data are from the Defense Management Data Center.
Participants and Mild Traumatic Brain Injury History Designation
VA is mandated to screen for TBI in all OIF/OEF veterans seeking VA healthcare. Of those who are screened, approximately 20 percent screen positive for TBI [43] and are offered an opportunity for a CTBIE (described subsequently). Among 36,214 VHA electronic CTBIE records, we selected patients who did not report brain injury either predeployment or since returning from deployment (postdeployment) (n = 21,627). Of patients who were evaluated by a VA clinician as having experienced TBI, the sample was further restricted to those who met criteria for mTBI history based on VA-DOD clinical practice guidelines consistent with American Congress of Rehabilitation Medicine [44] criteria. mTBI history was determined by self-reports of alteration or loss of consciousness, posttraumatic amnesia, and these conditions' respective durations [45] . The data did not include a Glasgow Coma Scale rating or neuroimaging to classify severity. Patients who reported being "uncertain" of having experienced any of the three postinjury sequelae (i.e., alteration or loss of consciousness or posttraumatic amnesia) but still reported experiencing at least one of these events within the specified duration [45] were categorized as having experienced an mTBI. The final sample (N = 13,746) consisted of patients with VA clinician-confirmed deployment-related mTBI history (n = 9,998) and a comparison group of patients with no history of TBI (n = 3,748) (Figure 1) . 
Psychiatric Diagnoses
As described elsewhere [46] , International Classification of Diseases, 9th Revision, Clinical Modification [47] diagnostic codes in VHA administrative data for posttraumatic stress disorder (PTSD) and depression were used to identify these common disorders documented in OIF/OEF veterans [6, 46, [48] [49] . We limited this identification to codes assigned in two or more encounters [48] in primary care, mental health, women's health, or rehabilitation clinics or from an inpatient stay during fiscal years 2007-2009.
Comprehensive Traumatic Brain Injury Evaluation Instrument
The CTBIE template and process is described in detail elsewhere [8, 43] . Briefly, the evaluation is performed by a VA clinician and reviews the veteran's medical history; blast and nonblast deployment-related experiences that may have led to injury; current symptoms that may be related to those experiences; a physical examination; and a determination by the clinician of whether the patient had experienced a TBI and, if so, continues to have residual symptoms.
The 22-item Neurobehavioral Symptom Inventory (NSI-22) [12] , a patient self-report checklist, is administered during the CTBIE. Patients rate the extent to which each symptom has affected them in the past 30 d. The 5-point Likert scale ranges from 0 (none) to 4 (very severe). We were interested in patients who self-reported coexisting auditory, visual, and vestibular symptoms. For purposes of this study, as in prior work [8] , we considered symptoms reported as at least a 2 (moderate) indicative of impairment. The NSI-22 items "hearing difficulty" and "vision problems, blurring, trouble seeing" were used to characterize auditory and visual impairment, respectively. Vestibular symptoms were defined as a combination of the NSI-22 items "feeling dizzy," "loss of balance," and "poor coordination, clumsy." This was based on a factor analysis performed on the same data set in which these three symptoms loaded as a separate factor [50] . For ease of phrasing, "vestibular" was used as an umbrella term to encompass the three aforementioned symptoms, but we acknowledge that these symptoms may not physiologically derive from the inner ear (vestibule) and could be either peripheral or central in origin [29] . An a priori decision was made to compute vestibular scores only for patients who answered at least two of the three vestibularrelated questions. In our final sample, no patients were excluded based on this criterion. Reporting a 2 (denoting at least moderate impairment) or higher was considered indicative of vestibular impairment. Patients who reported a 2 or higher on all symptoms related to auditory, visual, and vestibular impairment were classified as having MSI.
Data Analysis Strategy
Sample Characteristics
Data analyses used SPSS software, version 18.0 (IBM Corp; Armonk, New York). For characterization of the sample, we calculated and stratified by mTBI history based on concordance between clinician judgment and ACRM-consistent criteria of deployment-related mTBI history only the frequencies and percentages for categorical variables and mean and standard deviation values for quantitative variables. To examine whether the sample differed on demographic (e.g., sex, age), deploymentrelated (e.g., branch of service, etiology of injury), and mental health (e.g., PTSD, depression) variables as a function of mTBI history, we performed a chi-square test of association or an independent t-test based on the dependent variable's unit of measurement.
Logistic Regression Analyses
Three sets of logistic regressions were performed to predict MSI. For the first, each demographic, deploymentrelated, and mental health variable was entered separately to determine whether each was independently predictive of MSI prior to all factors being entered simultaneously. In the second, all variables except PTSD and depression were entered simultaneously to explore potential predictors of MSI when adjusting for other factors. For the final logistic regression analysis, all demographic, deploymentrelated, and mental health variables were entered into the analysis simultaneously to determine whether including PTSD and depression influenced the effects of the other variables in predicting MSI. Unadjusted and adjusted odds ratios and 95 percent confidence intervals are reported for each analysis.
RESULTS
Demographics and Deployment-Related Events as Functions of Deployment-Related Mild Traumatic Brain Injury History
Characteristics of the sample are stratified by deployment-related history of mTBI in Table 1 . The average patient was male, 31.4 ± 8.7 yr old, and served in the Army. Patients with mTBI history were significantly younger (30.6 ± 8.2 vs 33.5 ± 9.5; t(13,738) = 17.46, p < 0.001), with about one-third 25-29 yr; male; in the Army; junior enlisted (ranks of E1-4); and injured in at least one blast (80.5%), although 49.5 percent experienced at least one nonblast injury. Injury by blast only was common for both patient groups (mTBI history: 45.1%, no mTBI history: 42.3%). Patients with deployment-related mTBI history were more than 2.5 times more likely to experience both multiple nonblast and blast injuries. PTSD was significantly associated with mTBI, as two-thirds of patients with mTBI were diagnosed with PTSD compared with one-half of patients without mTBI history. Depression, documented in onethird of the sample, did not vary as a function of mTBI history.
Co-Occurrence of Auditory, Visual, and Vestibular Impairment
We examined the coexistence of self-reported moderate to very severe auditory, visual, and vestibular impairment among the 13,746 OIF/OEF veterans in our final sample. Across all patients, we found that all three sensory impairment domains were significantly associated with one another (all  2 (1) > 700.00, p < 0.001). The overall rates of sensory impairment (either alone or in combination with others) was 61.1 percent for auditory, 40.3 percent for visual, and 22.4 percent for vestibular. The overall co-occurrence of MSI was 13.9 percent (Figure 2) . An earlier study found that the rate of DSI varied with TBI history and blast exposure [8] . To determine whether a similar pattern existed for MSI, we stratified patients by mTBI history and etiology of injury (blast, nonblast, or both). Inspection of the frequencies (Figure 3) shows that MSI was more common among patients with a history of deployment-related mTBI and occurred most frequently in patients reporting both nonblast and blast injuries and least in those with blast injuries only. Patients evaluated as having deployment-related mTBI and both nonblast and blast injuries (n = 4,542) had the highest rate of MSI (17.4%).
Logistic Regression Models
Model 1: Individual Variables Predicting Multisensory Impairment
Unadjusted logistic regressions with individual demographic, deployment-related, and mental health variables showed they were independently predictive of MSI ( Table 2 ). The odds for reporting symptoms of MSI increased steadily as a function of age group, with patients 40 and older being more than 2 times more likely to report MSI than those 18 to 24 yr. Females were 1.29 times more likely than males to report MSI symptoms. For branch of service, those who served in the Army and Other (Air Force, Navy, or Coast Guard) services were more likely to report MSI than those who served in the Marines. Compared with Veterans who did not specify etiology of injury, those who reported experiencing both multiple nonblast and blast injuries were 1.61 times more likely to report symptoms of MSI. History of deployment-related mTBI and diagnoses of PTSD and depression were also predictive of MSI. MSI did not differ by rank, which was significantly associated with age (  2 (6) = 4420.00, p < 0.001). The majority of senior enlisted and officers (73.5%) were 40 yr and older, whereas the majority of the junior enlisted were between the ages of 18 and 29 yr (74.4%).
Model 2: Demographic and Deployment-Related Variables Before Mental Health Variable Inclusion
Entering demographic and deployment-related characteristics simultaneously into a logistic regression predicting MSI yielded a significant model (  2 (15) = 416.20, p < 0.001). After adjusting for all other factors, significant predictors of MSI included older age, being female, lower rank, injury etiology, and mTBI history ( Table 2) . Regarding etiology of injury, veterans who reported experiencing both multiple nonblast and blast injuries were more than 1.5 times more like to report symptoms of MSI than those who did not report injury etiology. A history of mTBI was the strongest predictor of MSI, with patients with mTBI history approximately 2.5 times more likely than patients without mTBI history to report MSI symptoms (p < 0.001).
Model 3: Demographic, Deployment-Related, and Mental Health Variables
To determine whether PTSD or depression influenced the predictability of MSI, we simultaneously entered demographic, deployment-related, and mental health variables into a final logistic regression analysis, resulting in a Table 2) . The predictors that were significant before the inclusion of mental health variables remained significantly predictive of reporting MSI. Patients with PTSD or depression were 2.00 times and 1.39 times more likely, respectively, to report symptoms of MSI. After accounting for these mental health conditions, the effect of mTBI history was slightly attenuated compared with the previous model (2.22 vs 2.44), but continued to remain robust and was one of the model's strongest predictors of reporting MSI.
DISCUSSION
MSI can impair a patient's ability to communicate and interact with the environment [7] , limiting instrumental, emotional, social, occupational, and academic functioning. MSI can also be detrimental because of the inability to compensate for deficits in one sensory modality by relying on other sensory inputs [51] . Our analysis of OIF/OEF veterans who completed a VA CTBIE and were judged to have deployment-related mTBI only or no history of mTBI (n = 13,746) sought to identify the co-occurrence of subjectively reported moderate to very severe auditory, visual, and vestibular symptoms and examine what demographic, deployment-related, and mental health factors were predictive of MSI. After simultaneously accounting for demographics, deployment-related events, PTSD, and depression, we found that the factors that were significantly predictive of MSI were older age, being female, lower rank, deployment-related injury and mTBI history, PTSD, and depression. Note: For variables with >2 levels, reference group is italicized. CI = confidence interval, mTBI = mild traumatic brain injury, PTSD = posttraumatic stress disorder.
The rate of patient-reported MSI across the entire sample was 13.9 percent. MSI reporting increased steadily as a function of age. The strongest predictor of reporting MSI was being 40 yr or older, because this age group was nearly 3 times more likely to report MSI symptoms than patients who were 18 to 24 yr. Decline in hearing and vision is common as people age [37, [39] [40] [41] [42] , but concurrent hearing and vision impairment is typically documented in patients 70 yr and older [39] [40] [41] [42] . In one chart review of veterans who were receiving regular outpatient hearing and vision care, 0 percent of the veterans 65 yr and younger were judged to have DSI and, among those who were 75 to 84 yr, only 9 percent had documented DSI [37] . However, nearly 14 percent of the present study sample, whose average age was 31.4 yr, reported symptoms of MSI. This rate increased to 17.4 percent for the subset of patients with mTBI history who experienced both nonblast and blast injuries. Smith et al.'s study [37] included professional assessment of sensory impairment and operationally defined DSI by using standardized clinical criteria, whereas the present study was based on patient self-report only; thus, any comparison of findings needs to be interpreted cautiously. If professional assessment of the present sample were to confirm the patient self-report of sensory impairment, these results would suggest that MSI is appearing prematurely in OIF/OEF veterans, particularly those with TBI who experienced multiple injuries. Future prospective, longitudinal research is recommended to evaluate this possibility.
That junior enlistees were more likely than senior servicemembers to report MSI is consistent with junior servicemembers being more likely to be assigned to frontlines and potentially exposed to riskier military conditions. However, because junior military personnel are younger, they may differ from senior servicemembers in other ways that could affect their reporting of symptoms. For example, different generational attitudes, career paths, or interest in qualifying for postseparation benefits could all contribute to willingness for junior servicemembers to report multiple symptoms.
After accounting for all other factors, female veterans were approximately 45 percent more likely than males to report symptoms of MSI, even though women comprised only 6 percent of the sample. Women are serving in the military at unprecedented rates [52] and have expanded occupational functions during deployments [53] . U.S. female servicemembers are restricted from being assigned to frontline combat units, but do participate in self-defense missions that may "have features of direct combat" [54, p. 65] . In light of previous research with medical and community samples demonstrating that women tend to report more numerous, intense, and frequent somatic symptoms relative to men [55] [56] [57] [58] , further research is needed to determine whether these results are due to objective differences between female and male veterans or attributable to an over-or underreporting of symptoms. These findings nonetheless suggest that special attention should be paid to women with deploymentrelated mTBI history [46] . Deployment-related mTBI history, PTSD, and depression were each independently predictive of reporting MSI symptoms. When entered into the same model simultaneously along with other factors, each remained a significant predictor, with mTBI history the most robust. PTSD and depression have been well documented in OIF/OEF veterans [6, 23, [48] [49] [59] [60] [61] [62] [63] [64] [65] [66] [67] . This is a notable finding because other studies have found diminished effects of TBI when PTSD and depressive symptom severity were taken into account [6, 62] . A major difference between these studies and the present results is our outcome variable: concurrent auditory, visual, and vestibular symptoms reported to cause at least moderate impairment. To our knowledge, this specific cluster of multisensory symptoms has never been studied in OIF/OEF veterans. As noted earlier, the nature of the combat and deployment training [68] , increased exposure to explosive weaponry, and general military conditions leave servicemembers vulnerable to different mechanisms of injury, which may account for our findings.
Like Lippa and colleagues [62] , we did not find support for any one etiology of injury (blast or nonblast) being more significant for reporting MSI symptoms. Instead, frequency of injury seemed to be a major contributor. When studied independently, experiencing multiple blast and nonblast injuries resulted in the greatest likelihood of reporting MSI symptoms. Given the cumulative effect of multiple head injuries, as suggested by the sports concussion literature [69] [70] [71] , experiencing blast and nonblast injury only once may allow for a better recovery from each injury compared with individuals with multiple injury events. Experiencing the same injury type more than once may have cumulative effects, because the previous injury symptoms may not have fully resolved [72] [73] [74] . This may also account for why age was a predictor of MSI, because older servicemembers may have experienced more injuries or adverse military conditions over the course of their military careers. However, without more detail about the nature, timing, and severity of the injuries, these hypotheses are simple conjecture. As Lippa and colleagues offer [62] , the effects of blast versus nonblast injuries may be more similar than they are different.
LIMITATIONS
There are several limitations to the present study. Primarily, the MSI symptoms were self-reported. In the absence of a professional evaluation of this symptom cluster, we do not know the extent to which MSI exists and whether any deficiencies are peripheral or central in nature.
The current results may not be generalizable to all OIF/OEF veterans, because the sample was comprised of veterans who sought VA healthcare services, screened positive for TBI, and completed a VA CTBIE. We are not certain how MSI rates found in this study compare with those of veterans receiving non-VA healthcare or not utilizing healthcare services. Among veterans with TBI history, we focused only on those classified as mTBI. Thus, our results may not generalize to patients with moderate or severe TBI. Finally, we do not have comprehensive information on when injuries occurred and, thus, could not consistently control for time since injury.
Although it is impossible to state with certainty, patients likely did not have MSI before deployment, because this condition would have likely made servicemembers medically unfit to deploy or serve in the military [75] . However, we do not know whether MSI is attributable exclusively to deployment experiences or whether events between deployment and the CTBIE also affected sensory systems. For example, many OIF/OEF veterans with mTBI also have comorbid physical and psychiatric conditions [46] . These conditions themselves, or the medications prescribed to treat them [29] , may negatively affect the visual, auditory, and vestibular systems.
CONCLUSIONS AND IMPLICATIONS
With the use of a large database sample of 13,746 OIF/ OEF veterans, the co-occurrence of self-reported MSI was identified in 13.9 percent and increased to 17.4 percent for patients who reported experiencing both nonblast and blast injuries and were evaluated as having a history of deployment-related mTBI. After demographics, deploymentrelated events, and psychiatric conditions were simultaneously accounted for, the factors that were significantly predictive of MSI were older age, being female, lower rank, experiencing both multiple nonblast and blast injuries, deployment-related mTBI history, PTSD, and depression.
Because of the degree of symptom overlap between TBI and psychiatric disorders [46, 61, [63] [64] 66, [76] [77] [78] [79] [80] , clinicians evaluating TBI also should determine whether mental health conditions are present to decide on the best course of treatment [6, 62] . Patients with MSI may benefit from a team-based approach to care [63] [64] [77] [78] . As discussed elsewhere [7] , the VA CTBIE process and NSI-22 allow clinicians, at a glance, to survey symptoms that patients endorse as being disruptive to their daily functioning, obtain a better history of the nature of the problem(s), and decide what type of follow-up care is warranted. A better comprehension of physical and psychological injuries sustained by servicemembers exposed to general combat conditions, blast, and nonblast injuries is needed to fully understand the spectrum of dysfunction and may allow clinicians to develop more targeted interventions to address these issues. Additional Contributions: The authors wish to thank John A. Gardner, PhD, for his contribution to data analysis and interpretation. Institutional Review: The study was reviewed and approved by the institutional review board of the VA Boston Healthcare System. Participant Follow-Up: The authors do not plan to inform database participants of the publication of this study.
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